Expression of a functional Drosophila melanogaster CMP-sialic acid synthetase. Differential localization of the Drosophila and human enzymes.
CMP-N-acetylneuraminic acid is a critical metabolite in the generation of glycoconjugates that play a role in development and other physiological processes. Whereas pathways for its generation are firmly established in vertebrates, the presence and function of the relevant synthetic enzyme in insects and other protostomes is unknown. In this study, we characterize the first functional CMP-sialic acid synthase (DmCSAS) from any protostome lineage expressed from a D. melanogaster cDNA clone. Homologous genes were subsequently identified in other insect species. The gene is developmentally regulated, with expression first appearing at 12-24 h of embryogenesis, low expression through larval and pupal stages, and greatly enriched expression in the adult head, suggesting a possible role in the central nervous system. Activity of the enzyme was verified by an increase in in vitro and in vivo CMP-N-acetylneuraminic acid levels when expressed in a heterologous host. Unlike all known vertebrate CMP-sialic acid synthetase (CSAS) proteins that localize to the nucleus, the D. melanogaster CSAS protein was targeted to the Golgi compartment when expressed in both heterologous mammalian and insect cell lines. Replacement of the N-terminal leader sequence of DmCSAS with the human CSAS N-terminal sequence resulted in the redirection of the chimeric CSAS protein to the nucleus but with a concomitant loss of enzymatic activity. The localization of CSAS orthologs to different intracellular organelles represents, to our knowledge, the first example of differential protein targeting of orthologs in eukaryotes and reveals how the sialylation pathway diverged during the evolution of protostomes and deuterostomes.